ABSTRACT The effects of pneumothorax or pleural effusion on respiratory function as measured by the commonly applied tests were investigated by studying 13 patients (six with pneumothorax, seven with effusion) with and, as far as possible, without air or fluid in the pleural cavity. Measurements included spirometric volumes, carbon monoxide transfer factor (TLco), and Kco by the single breath method, maximum expiratory flow-volume curves, and subdivisions of lung volume estimated by both inert gas dilution and body plethysmography. In patients with pneumothorax "pleural volume" was estimated as the difference between lung volumes measured by dilution and thoracic gas volume measured by plethysmography. In patients with effusion the change in "pleural volume" was equated with the volume of fluid subsequently aspirated.
The effects of pneumothorax and pleural effusion on pulmonary function as measured by the commonly applied tests are not well established. Most studies have concentrated on abnormalities of pulmonary gas exchange, and in particular there is little information on changes in carbon monoxide transfer factor, Kco, or indices of airway function. The presence of air or fluid in the pleural space impairs full expansion of the ipsilateral lung but the effects on expansion of the contralateral lung are not clear. One point of practical importance is that the volume of a pneumothorax is likely to be included in any plethysmographic estimate of thoracic gas volume. Simple analysis of the static pressure-volume relationships in the affected hemithorax would suggest that uncoupling the lung from the chest wall would lead to some deflation of the lung and expansion of the chest wall to volumes determined by their individual pressure-volume curves.' With pneumothorax the effects should be more predictable as the pressure in the ipsilateral pleural space is uniform, provided that there is free communication around the lung. The effects of a pleural effusion on the lung and chest wall volumes are less certain as they are likely to be influenced by both the pleural liquid pressure (at the level of the effusion) and the pleural surface pressure (above the pleural effusion).
We have examined two groups of patients, one with pneumothorax and the other with pleural effusion, to study the effects of each on the results of the commonly applied tests of pulmonary function.
Methods
We studied six patients with pneumothorax (table   1) . In three of these, measurements were made in the presence of a spontaneous pneumothorax and after complete resolution one to three weeks later.
The other three patients with pneumothorax had small peripheral bronchial carcinomas and were Effects ofpneumothorax or pleural effusion on pulmonary function The mean slope of the curve between 50% and 75% VC was also calculated and the time constant of lung emptying during forced expiration was computed by taking the reciprocal of this slope6 (V/V5075). These indices we obtained on each occasion from the MEFV curve in which the VC was greatest.
In the patients with effusions the change in pleural volume (A "pleural volume") after aspiration was assumed to be equal to the volume of fluid removed and the values are given in table 1 1 and 2 refers to the occasions when the pneumothorax or effusion was largest. In brief, the effects of pneumothorax or effusion on the results of the conventional tests were a reduction in FEV,, VC FRC, RV, and TLC; a small reduction in TLco; and a small increase in Kco. The estimated changes in total thoracic capacity showed some differences between effusions and pneumothorax. With aspiration of an effusion the fall in TTC mirrored the increase in TLC and in VC. With resolution of the pneumothoraces, however, the anticipated fall in TTC did not occur and in three of the patients there was an increase in TTC after resolution.
We have examined the relationships between A "pleural volume" in an individual and the changes in the various subdivisions of lung volume (measured by helium dilution-fig 3) . In this figure the information obtained on all occasions is included-that is, the results are based on 19 pairs of estimations. As expected, there were significant relationships between the size of the pneumothorax or effusion and the changes in vital capacity or TLC ( fig 3) ; but the A -"pleural volume" usually exceeded the change in vital capacity or TLC.
The maximum flow-volume curve showed that maximum expiratory flow at mid vital capacity was slightly less, but the time constant of lung emptying was significantly shorter in the presence of a pneumothorax or effusion (table 2) .
Discussion
The functional abnormalities found in patients with pneumothorax or effusion are often not simply due to the presence of pleural air or fluid alone as many such patients will have underlying lung disease. Even in young people with spontaneous pneumothorax and apparently otherwise healthy lungs evidence of subclinical emphysema is frequently found,' and in two of our three patients with spontaneous pneumothorax the TLCO and Kco were still reduced after resolution. The other three It is, however, likely that in none of the patients described here were the functional abnormalities due solely to the presence of pleural fluid as many had chronic airways obstruction and in all patients a small amount of pleural fluid was probably still present after aspiration. Nevertheless, since we have studied the patients with and, so far as possible, without pleural fluid or air, the within subject changes observed in the results of routine lung function tests should be valid guides to the effects of the volume of pleural fluid subsequently aspirated or air resorbed in these patients. We have used a plethysmographic estimate of pneumothorax size for relating the magnitude of changes in lung function to the size of the pneumothorax and for estimating "pleural volume." This assumes that air in the pleural cavity is subject to the same degree of compression and rarefaction as alveolar gas and that any maldistribution of gas was the same with and without a pneumothorax. Neither of these assumptions may be completely valid. In theory, the body plethysmograph may underestimate the volume of compartments, such as a pneumothorax, with a low surface to volume ratio since gas compression and rarefaction are likely to be less perfectly isothermal than within alveoli, Gilmartin, Wright, Gibson whose high surface to volume ratio allows heat exchange with the walls of the gas containing units, thus helping to maintain isothermal conditions.8 We know of no direct evidence on the accuracy of thoracic gas volume estimation in the presence of a pneumothorax. This phenomenon may account for the surprising finding that total thoracic capacity was less than predicted TLC in some patients in the presence of a pneumothorax ( fig 1) ; but it was also noteworthy that the two patients with the lowest estimated TIC had pronounced mediastinal shift visible radiographically, and this may have restricted expansion of the unaffected lung. Early measurements during artificial induction of a pneumothorax for tuberculosis9 and more recent radioisotope studies'0 support the conclusion that a pneumothorax significantly. impedes expansion of the contralateral lung.
Published data on the effects of pneumothorax and pleural effusion are few,"'5 -but it appears that, despite the theoretical differences between the presence of air and fluid in the pleural space, their functional consequences are similar. The finding that reductions in lung volumes are, in general, smaller than the size of the effusion or pneumothorax broadly agrees with previous observations's'-' and we have in addition shown significant relationships between the estimated size of the effusion or pneumothorax and the reduction in VC or TLC (fig 3) . The implication is that with either effusion or pneumothorax expansion of the pleural space is accommodated partly by deflation of the lung and Effects ofpneumothorax or pleural effusion on pulmonary function partly by relative expansion of the ipsilateral chest wall. This was pointed out in early studies of pneumothorax" '5 and more recently by Estenne and colleagues'4 in pleural effusion. Despite this distortion of the chest wall, the results in our patient suggest that in both pleural effusion and pneumothorax the total thoracic capacity at full inflation is unlikely to be greater than normal and is frequently less than normal.
The information from the flow-volume curves suggests that the lungs empty slightly faster during forced expiration in the presence of pleural air or fluid. At first sight this may be surprising, but it could result from a reduction in lung volume disproportionate to any effect on airway function. Similar arguments have been advanced in relation to the maximum flow-volume curves in patients with lung shrinkage from pulmonary fibrosis,'6 and the effects are similar to those of strapping the chest wall of normal subjects.'' In simple terms, if pleural fluid or air effectively reduces the number of functioning compliant lung units, airway size will remain appropriate for the lung recoil pressure but will be inappropriately large for the lung volume, so that volume corrected indices such as the slope of the flow-volume curve appear supranormal. If airway function were totally unaffected then maximum flow at 50% of measured VC should in absolute terms remain unchanged. The slight reduction in VEmax50 found in our subjects is still compatible with this hypothesis, as any airways subtending nonfunctional lung units can themselves no longer contribute to airflow. In termns of the equal pressure point analysis, the time constant of lung emptying is equal to the product of upstream resistance and lung compliance, so that if upstream resistance remains constant and lung compliance falls (perhaps because of microatelectasis) the time constant of lung emptying shortens. Estenne et al'4 have shown an increase in static lung compliance after pleural aspiration, which would be consistent with this hypothesis.
In conclusion, pleural effusion and pneumothorax have similar effects on the mechanical function of the lungs and on transfer factor. In addition to impairing full expansion of the ipsilateral lung, there may be an effect on the contralateral lung and there is usually relative distension of the ipsilateral chest wall. As ith other extrapulmonary causes of restriction of lung volumes, there is an accompanying small reduction in transfer factor and an increase in Kco. The reduction in lung volumes is disproportionate to the minor effects on airway function, so that the lungs empty more quickly; in this respect the effects are similar to those found in patients with intrapulmonary volume restriction such as pulmonary fibrosis.
